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We report on highly resolved core-level and valence-band photoemission spectroscopies of hydrogenated,
unreconstructed 6H-SiC(0001) and (0001¯ ) using synchrotron radiation. In the C 1s core level spectra of
6H-SiC(0001¯ ) a chemically shifted surface component due to C-H bonds is observed at a binding energy
(0.4760.02) eV higher than that of the bulk line. The Si 2p core-level spectra of SiC(0001) suggest the
presence of a surface component as well but a clear identification is hindered by a large Gaussian width, which
is present in all spectra and which is consistent with values found in the literature. The effect of thermal
hydrogen desorption was studied. On 6H-SiC(0001) the desorption of hydrogen at 700–750 °C is accompa-
nied by a simultaneous transformation to the Si-rich (A33A3)R30° reconstruction. On 6H-SiC(0001¯ ) first
signs of hydrogen desorption, i.e., the formation of a dangling bond state in the fundamental band gap of SiC,
are seen at temperatures around 670 °C while the (131) periodicity is conserved. At 950 °C a (333)
reconstruction is formed. The formation of these reconstructions on thermally hydrogenated 6H-SiC(0001)
and (0001¯ ) is discussed in the light of earlier studies of 6H-SiC$0001% surfaces. It will be shown that by using
the hydrogenated surfaces as a starting point it is possible to gain insight into how the (A33A3)R30° and
(333) reconstructions are formed on 6H-SiC(0001) and 6H-SiC(0001¯ ), respectively. This is due to the fact
that only hydrogen-terminated 6H-SiC$0001% surfaces possess a surface carbon to silicon ratio of 1:1.
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In the past years a number of investigations on the prop-
erties of hexagonal $0001% surfaces of 6H- and 4H-SiC have
been reported. A majority of these studies dealt with the
Si-rich1–10 (333) and (A33A3)R30° ~Refs. 6–24! recon-
structions on 4H- and 6H-SiC(0001), the (333)
reconstruction5,25 on 6H-SiC(0001¯ ), and the oxygen in-
duced silicate adlayer reconstructions on 4H- and
6H-SiC$0001% surfaces.7,9,10,26–32 These surface reconstruc-
tions have in common that their surface energy is minimized
via a reduction of the total number of dangling bonds at the
surface. This is achieved by an ordered accumulation of sur-
plus oxygen and/or silicon atoms at the surface, which con-
sequently results in a deviation of the surface composition
from the bulk stoichiometry. Nevertheless, many of these
surfaces still possess dangling bonds that make them ex-
tremely susceptible to oxidation. In contrast, silicate adlayer
reconstructed surfaces show an extraordinary stability in air.
However, the silicate adlayer is also thermally stable up to
temperatures of about 1000 °C, which makes this termina-
tion problematic for applications where an oxide interface
layer is not desired. As a consequence, the above-mentioned
surface reconstructions seem not to be adequately suited as
basis for the development of SiC semiconductor devices.
A convenient way to prepare clean and unreconstructed0163-1829/2003/67~20!/205304~13!/$20.00 67 2053SiC surfaces would be a wet-chemical treatment such as that
used in Si technology, where the so-called RCA ~Radio Cor-
poration of America!60 clean followed by a dip in buffered
HF is a commonly employed technique. The procedure
yields extremely flat Si surfaces which are unreconstructed
and terminated by hydrogen. The strong Si-H bonds remove
surface states from the gap leading to extremely low densi-
ties of charged surface defects. Yablonovitch et al.33 reported
a record low of 2.53107 charged surface states per cm2 for
hydrogenated Si~111!. In addition, the hydrogen-terminated
Si surfaces are relatively well protected against oxidation in
air.33,34 Although the ~0001! surface of the hexagonal poly-
types 6H-SiC and 4H-SiC is crystallographically equivalent
to Si~111!, the surface chemistry is different on account of
the additional carbon atoms. Dipping these surfaces in HF
leaves them covered with hydroxyl groups,32,35,36 and an-
nealing to temperatures above 950 °C is necessary to remove
the oxygen from the wet-chemically prepared surface.13 In
addition, they are usually contaminated with hydrocarbons as
well, which may decompose partially at elevated tempera-
tures. The wet-chemical procedure also fails for the (0001¯ )
surfaces for similar reasons.32,37
The only method to yield SiC$0001% surfaces saturated
with a monolayer of hydrogen was first suggested by
Tsuchida et al.,38–41 who have annealed their samples in an
atmosphere of ultraclean hydrogen at temperatures of©2003 The American Physical Society04-1
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gen etching which is widely used to reduce surface rough-
ness and polishing damage of SiC substrate surfaces prior to
homoepitaxial growth by chemical vapor deposition
~CVD!.42,43 In previous studies44–48 we have investigated the
chemical, electronic, and structural properties of
6H-SiC$0001% surfaces that were hydrogenated by the
method of Tsuchida et al. The hydrogenated surfaces with
(131) periodicity were observed to be free of unwanted
contaminations such as oxygen and hydrocarbons.44 We were
also able to show that the density of charged defects on
SiC~0001! can be pushed down to values of 731010 cm22
and below and that the surfaces are stable against oxidation
in air.44 These observations suggest that hydrogenation of
SiC$0001% surfaces by high-temperature hydrogen annealing
is an adequate method for surface preparation especially be-
cause it can be carried out in a CVD reactor directly after
homoepitaxial growth, which is usually performed for many
device applications.
Another interesting aspect of the hydrogen passivated
SiC$0001% surfaces is that they are the only known termina-
tions of SiC where the Si to C ratio is equal to the bulk ratio
1:1. Therefore it seemed worthwhile to study the hydroge-
nated SiC$0001% surfaces in more detail. We have employed
highly resolved photoelectron spectroscopy using synchro-
tron radiation in order to study the core-level and valence-
band spectra of both 6H-SiC(0001) and (0001) in the as-
prepared state as well as after annealing in UHV, which
induces a change in surface periodicity from (131) to
(A33A3)R30° or (333), respectively. As we will show in
the following sections, the fact that the initial stoichiometry
of the hydrogenated surfaces is equal to the bulk stoichiom-
etry provides important insights into how these recostruc-
tions are formed and into the origin of the surface compo-
nents observed in the Si 2p and C 1s core level spectra of
these reconstructions.13,23,25
The present paper is organized in the following way. After
a brief description of our experimental procedures in Sec. II
we will discuss our results in Sec. III. Thereby a short struc-
tural characterization using low-energy electron diffraction
~LEED! and Fourier-transform infrared-absorption spectros-
copy in attenuated total reflection mode ~FTIR-ATR! will be
presented in Sec. III A. Sections III B and III C contain a
detailed analysis of highly resolved synchrotron x-ray pho-
toelectron spectroscopy measurements on the hydrogenated
6H-SiC$0001% surfaces. This is followed by a discussion of
the inelastic mean free paths determined from our experi-
ments ~Sec. III D!. Thermally induced hydrogen desorption
and subsequent formation of (A33A3)R30° and (333) on
6H-SiC(0001) and (0001¯ ), respectively, will be the topic of
Secs. III E and III F. Finally, our conclusions are presented in
Sec. IV.
II. EXPERIMENTAL
The investigations were focused on the basal planes of
6H-SiC. These are the Si-terminated SiC~0001! surfaces,
which are also called silicon faces, and the C-terminated20530SiC(0001¯ ) surfaces ~carbon faces!. The Si-terminated
samples from CREE Research, Inc. were either 3.5° off-axis
oriented, polished substrates, or homoepitaxial epilayers,
with a doping of 1.431018 cm23 (n type! and 1
31016 cm23 (p type!, respectively. The C-terminated crys-
tals from SiCrystal were n type (531018 cm23) and pol-
ished on-axis.
Before hydrogenation the samples were subjected to a
four-step wet-chemical cleaning procedure using hydrofluo-
ric acid and mixtures of sulphuric acid, hydrogen peroxide,
and hydrochloric acid as described elsewhere.32,35 Hydrogen
termination was achieved by annealing the samples in ultra-
pure hydrogen ~8.0! at temperatures around 1000 °C and a
pressure of 13105 Pa using a contactless infrared heating
system. The base pressure of the UHV preparation chamber
was below 531027 Pa. A transportable vacuum storage
chamber equipped with a mobile ion pump ~base pressure
below 131026 Pa) allowed to transfer up to six hydroge-
nated samples to the measuring chambers in our home labo-
ratories for investigations with LEED and x-ray induced
photoelectron spectroscopy ~XPS!. In addition, the samples
were also investigated with FTIR-ATR. These measurements
were carried out ex situ using a Ge prism as multiple internal
reflection element.
Using the aforementioned vacuum transport system, the
samples could be transferred to the synchrotron radiation
source BESSY II and load locked to the UHV system with-
out breaking the vacuum. Highly resolved photoelectron
spectroscopy was carried out at the undulator beam line
UE56/2-PGM 2. The end station with a base pressure below
131028 Pa was equipped with a hemispherical analyzer and
a LEED optics. In order to achieve a contrast in surface
sensitivity, photon energies of 170 eV and 350 eV were ap-
plied to investigate the Si 2p core levels and 350 and 510 eV
to investigate the C 1s core levels. A photon energy of 74 eV
FIG. 1. Ex situ FTIR-ATR spectra of hydrogen terminated
6H-SiC(0001) ~a! and 6H-SiC(0001¯ ) ~b!.4-2
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~electron escape angle! of u520° was used to measure the
core-level spectra and of u50° for the valence-band spectra.
The experimental resolution was better than 100 meV, 150
meV, 240 meV, and 300 meV for photon energies of 74 eV,
170 eV, 350 eV, and 510 eV, respectively, as derived from
gold Fermi edges.
Thermally induced hydrogen desorption and subsequent
surface reactions were studied by annealing the surfaces in
UHV to temperatures up to 950 °C. Heating of the samples
was accomplished by electron bombardment of the backside
of the sample holder. The annealing temperature was moni-
tored by means of a pyrometer with the emissivity adjusted
to that of the sample holder made of molybdenum (e
50.25). Standard annealing time was 2 min. Calibration
measurements using a Ni/Cr-Ni thermocouple have shown
that the temperature accuracy is about 30 °C. The effect of
annealing in UHV was studied by photoelectron spectros-
copy and Fourier-transform infrared-absorption spectros-
copy.
III. RESULTS AND DISCUSSION
A. Structural characterization of the H-terminated
6H-SiC0001 surfaces
Using photoelectron spectroscopy it is not possible to de-
tect the hydrogen on the as-prepared 6H-SiC$0001% sur-
faces. Therefore hydrogenated samples were studied using
Fourier-transform infrared-absorption spectroscopy in the at-
tenuated total reflection mode. Figure 1 displays spectra of
the Si-H and the C-H stretch modes measured on
6H-SiC(0001) and 6H-SiC(0001¯ ), respectively. The C-H
stretch mode on SiC(0001¯ ) is located at (2851.5
60.2) cm21, in good agreement with Tsuchida et al.38–41
On SiC~0001!, two Si-H stretch modes are observed at
(2128.060.6) cm21 and (2133.560.6) cm21, respectively.
The splitting of the Si-H stretch mode, which has also been
reported by Tsuchida et al.,38–41 has been a subject of a de-
tailed study45 and was shown to be due to a small difference
in the third-neighbor interactions of the Si-H dipole with the
underlying lattice, which are different for Si-H units on cubic
and hexagonally terminated terraces. The fact that C-H and
Si-H stretch modes can only be observed in p polarization
and not in s polarization ~see Fig. 1! indicates that the Si-H
and C-H bonds are perpendicular to the surface. Note also
that only the monohydride configuration is clearly observ-
able. Dihydrides or trihydrides are below the detection limit.
In addition, no Si-H stretch mode signals were observed on
SiC(0001¯ ) and vice versa. The full width at half maximum
values of the observed C-H and Si-H stretch mode signals
are typically below 3.0 cm21, which points towards a high
degree of order on the surfaces.
The high degree of surface order indicated by the small
width of the Si-H and C-H stretch mode signals in Fig. 1 is
corroborated by the corresponding LEED patterns of hydro-
gen covered 6H-SiC(0001) and 6H-SiC(0001¯ ), which are
displayed in Fig. 2. The surfaces exhibit a (131) periodicity
with sharp diffraction spots. In addition, the LEED patterns20530show a remarkably low diffuse-elastic background which in-
dicates well ordered surfaces. The results presented in this
section will be helpful for the interpretation of the core-level
spectra discussed below.
B. Core-level spectra of hydrogenated 6H-SiC0001¯ 
Figure 3~a! shows Si 2p core-level spectra of hydrogen-
terminated 6H-SiC(0001¯ ) measured at photon energies of
170 eV and 350 eV. As will be discussed in Sec. III D, the
corresponding effective sampling depths are 3.0 and 4.6 Å,
respectively. The binding energy is given with respect to the
Si 2p3/2 bulk component, which was obtained by a peak fit
routine as described later in this section. Despite the different
surface sensitivity of the two measurements no variation of
the line shape with photon energy is observed. For
6H-SiC(0001¯ ):H the carbon atoms of the topmost bilayer,
which constitute the surface, are saturated by a monolayer of
hydrogen. Consequently, all silicon atoms below including
those which are located in the same bilayer are chemically
equivalent. It is thus not surprising that no chemically shifted
component is observable in the Si 2p core level.
For a more detailed study, the core-level spectra were sub-
jected to a nonlinear least-squares fitting analysis using a
convolution of the Gaussian and Lorentzian line shapes, i.e.,
Voigt lines. The Gaussian width (vG) reflects the experimen-
tal resolution, the samples’ inhomogeneity, and phonon
broadening. The Lorentzian width (vL) is associated with
the lifetime of the core hole which is generated by the photo-
ionization process. Prior to curve fitting, a Shirley
FIG. 2. (131) LEED images of hydrogen-terminated
6H-SiC(0001) ~top! and 6H-SiC(0001¯ ) ~bottom!. The azimuthal
orientation was different for the two samples, as can be seen from
the diffraction images.4-3
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marginal changes were noticeable when using a linear back-
ground instead of a Shirley background correction, implying
that this has no effect on the results presented in this paper.
The result of a peak fit applied to the Si 2p core-level spec-
trum of hydrogenated SiC(0001¯ ) taken at 170 eV photon
energy is displayed in Fig. 3~b!. The spectrum can be fitted
using a single spin-orbit split doublet. Table I summarizes
the fit parameters for both, the 170-eV and the 350-eV spec-
trum. The only constraints used in the fit were that the
Gaussian and Lorentzian widths of the Si 2p3/2 and Si 2p1/2
lines were forced to be equal, respectively. The spin-orbit
splitting of the Si 2p3/2 and the Si 2p1/2 component was
determined as (0.60660.003) eV and the branching ratio as
0.51660.004 within a data set of more than 15 Si 2p core
levels, independent of surface sensitivity. The Lorentzian
width was determined to be (0.12860.021) eV and the
Gaussian width as (0.57060.030) eV, the latter value con-
FIG. 3. Si 2p spectra of H-terminated 6H-SiC(0001¯ ). ~a! Com-
parison of spectra taken at photon energies of 170 eV and 350 eV.
~b! Deconvolution of the spectrum taken at a photon energy of 170
eV into one spin orbit split doublet.
TABLE I. Fit parameters obtained for the Si 2p core-level spec-
tra of hydrogenated 6H-SiC(0001¯ ). SOS is the spin-orbit splitting
and R5I(Si 2p1/2 /I(Si 2p3/2) the branching ratio. vG and vL are
the Gaussian and Lorentzian widths, respectively.
\v5170 eV \v5350 eV
Si 2p le f f53.0 Å le f f54.6 Å
SOS ~eV! 0.60660.003 0.60660.003
R 0.51460.005 0.51760.002
vG ~eV! 0.5760.02 0.5660.02
vL ~eV! 0.1460.02 0.1360.01
Assigment SiC bulk SiC bulk20530taining the largest experimental scatter since it depends on
surface quality. The lowest Gaussian widths that were ex-
tracted from the fitting procedures were 0.53 eV, which is a
reasonable value when compared with the lowest values
given in the literature for SiC.13,28
C 1s core-level spectra of the same hydrogenated
6H-SiC(0001¯ ) sample taken at photon energies of 350 eV
and 510 eV are plotted in Fig. 4 together with their respec-
tive deconvolution. The sampling depths are identical to the
ones used in the Si 2p core-level spectra shown in Fig. 3, i.e.
3.0 and 4.6 Å for photon energies of 350 and 510 eV, respec-
tively. The shape of the main line varies clearly with photon
energy, suggesting the presence of at least two components
which is indeed expected on account of the terminating C-H
bonds. The extremely weak intensity contribution at about
2.4 eV higher binding energy points to minute hydrocarbon
contamination.
The C 1s core-level spectra of SiC(0001¯ ):H could be
fitted consistently using three Voigt lines, i.e., two lines (BC
and SC1! for the main contribution and one (SC2) for the
weak contribution at about 2.4 eV higher binding energy, as
shown in Fig. 4. The best-fit parameters are collected in
Table II. The Gaussian widths were allowed to vary indepen-
dently because of the different chemical origin of the lines.
The Lorentzian widths were allowed to vary but set equal for
all lines. Best fits were obtained for the Lorentzian widths of
(0.1960.03) eV. This value is in good agreement with
former reports on SiC and metal carbides.50,51
According to the way the relative intensities of the lines
vary with changing surface sensitivity, the component at
lowest binding energy ~labeled BC in Fig. 4! is ascribed to
bulk SiC. The two other remaining components are due to
emission from the surface. The component labeled SC1 in
Fig. 4 with a chemical shift of (0.4760.02) eV towards
FIG. 4. C 1s spectra of hydrogen-terminated 6H-SiC(0001¯ )
taken at photon energies of 350 eV and 510 eV and their deconvo-
lution.4-4
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with respect to the bulk component. I(SC1,2)/I(BC) is the intensity ratio of the respective surface component (SC1,2) to the bulk component
(BC).
C 1s \v5350 eV, le f f53.0 Å \v5510 eV, le f f54.6 Å
Label in Fig. 4 BC SC1 SC2 BC SC1 SC2
Eb ~eV! 0 0.4660.02 2.4460.10 0 0.4860.02 2.4160.11
I(SC1,2)/I(BC) 1.4460.12 0.0560.01 0.6660.07 0.0460.01
vG ~eV! 0.5860.03 0.7160.03 1.4860.12 0.5560.03 0.7260.02 1.4760.11
vL ~eV! 0.1960.03 0.1960.03 0.1960.03 0.1960.03 0.1960.03 0.1960.03
Assignment SiC bulk Si3C-H CxHy SiC bulk Si3C-H CxHyhigher binding energy is ascribed to the carbon atoms of the
topmost bilayer, which form the surface C-H bonds seen in
FTIR-ATR. Together with the Si atoms of the same bilayer
their environment is Si3C-H. The relative strength of this
component was I(SC1)/I(BC)51.4(610%) for surface sen-
sitive and 0.7 (610%) for less surface sensitive measure-
ments on average. ~An estimate whether these values are
reasonable for a monolayer coverage of C-H bonds is given
in Sec. III D!. The bonding assignment is also qualitatively
supported when the Pauling electronegativities of the three
elements carbon, hydrogen, and silicon ~2.6, 2.2, and 1.9,
respectively! are considered. If one silicon atom is removed
from a Si4C tetrahedron ~bulk SiC! and replaced by one hy-
drogen atom, the electronic configuration will change such
that a smaller valence charge is transferred towards the car-
bon atom than before. This yields a higher binding energy of
the carbon atom in a Si3C-H environment. The Gaussian
width of the bulk line (BC) and the C-H component (SC1)
were determined as (0.5760.03) eV and (0.7160.03) eV,
respectively. The former value compares well with that ob-
served of the Si 2p core-level, which further supports our
assignment. The Gaussian width of the C-H component
(SC1), however, is slightly larger, most probably on account
of a different inhomogeneous broadening and/or phonon
broadening.
The chemical shift of the small component SC2 at higher
binding energy in our C 1s core-level spectra ~Fig. 4! was
determined as (2.4260.10) eV with respect to the bulk line
and its Gaussian full width amounts to (1.4860.13) eV.
Based on its chemical shift of 2.4 eV, its surface sensitivity,
and the large Gaussian width, this component is ascribed to
weakly bound hydrocarbon contamination. Assuming that
the density of adsorbed hydrocarbons is identical to that of
liquid hydrocarbons (;0.75 kg/l), the average overlayer
thickness can be estimated to be (0.160.05) Å when calcu-
lated with the effective sampling depths of le f f53.0 and 4.6
Å for photon energies of 350 and 510 eV, respectively. This
corresponds to ’5% of a monolayer. The hydrocarbon con-
tamination was observed to gradually increase with storage
time of the samples in the vacuum transport system despite a
pressure below 131026 Pa. No contamination is usually de-
tected directly after thermal hydrogen treatment by XPS in
our home laboratory. There a similar surface sensitivity is
achieved by a take-off angle of u575°, which reduces the
probe depth to about 4 Å. However, the beneficial effect of20530the vacuum transport system becomes evident when com-
pared with ex situ measurements that exhibit at least ten
times larger hydrocarbon contamination.44
C. Core-level spectra of hydrogenated 6H-SiC0001
Fig. 5~a! shows the surface sensitive (\v5170 eV) and
less surface sensitive (\v5350 eV) Si 2p core-level spec-
trum of hydrogen saturated 6H-SiC(0001). For comparison
the surface sensitive spectrum of the hydrogenated (0001¯ )
FIG. 5. ~a! Si 2p spectra of hydrogenated 6H-SiC(0001) mea-
sured with high and low surface sensitivities in comparison with the
surface sensitive spectrum of H-terminated 6H-SiC(0001¯ ) from
Fig. 3. ~b! Deconvolution of the Si 2p spectra of hydrogenated
6H-SiC(0001) into two components.4-5
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binding energy is given with respect to the bulk component.
Si 2p \v5350 eV, le f f53.0 Å \v5510 eV, le f f54.6 Å
Label in Fig. 5 BSi SSi BSi SSi
Eb ~eV! 0 0.2360.02 0 0.2160.02
I(SC1,2)/I(BC) 1.4 0.75
vG ~eV! 0.4860.03 0.6160.03 0.5160.03 0.6460.03
vL ~eV! 0.1360.02 0.1360.02 0.1360.02 0.1360.02
Assignment SiC bulk C3Si-H SiC bulk C3Si-Hsurface from Fig. 3 is included in the plot. Although the
presence of Si-H bonds on hydrogenated 6H-SiC(0001) has
been shown by FTIR-ATR ~cf. Sec. III A!, no chemically
shifted component can be resolved in the Si 2p core-level
spectra of 6H-SiC(0001)-H. In addition, no variation of the
line shape with sampling depths can be observed. On the
other hand, the comparison of the Si 2p spectra of
6H-SiC(0001):H with 6H-SiC(0001¯ ):H reveals two differ-
ences that were observed systematically within all experi-
ments: first, the shoulder due to the spin-orbit splitting ap-
pears strongly enhanced and second, a slight asymmetry of
the line shape towards the high binding-energy side becomes
visible. As a consequence, the attempt to fit the Si 2p core-
level spectra with only one spin-orbit split doublet, which led
to good results on the carbon face, fails. It produces unrea-
sonable values for the branching ratio and for the Lorentzian
widths. The Si 2p line shape turned out to be independent of
doping (p type or n type!, surface quality ~polished or epi-
taxial overgrown!, and hydrogen coverage. These observa-
tions rule out differential charging or inhomogeneous surface
band bending as well as surface defects as being responsible
for the signal’s odd shape. Phononic effects, which were sug-
gested as an explanation for the asymmetric Si 2p core-
levels of Si~111!:H,52 are also unlikely because we would
expect their signature to be also visible in the spectra of the
carbon face.
A possible explanation for the observed line shape would
be to introduce a chemically shifted surface component due
to Si atoms in a C3Si-H environment. For a full monolayer
coverage of Si-H bonds the intensity ratio of surface to bulk
component should be similar to the one observed in the C 1s
spectra of hydrogenated 6H-SiC(0001¯ ). Using this addi-
tional constraint the spectra can be fitted using two doublets
as shown in Fig. 5~b!. The corresponding fit parameters are
compiled in Table III. With the constraints mentioned above,
an energetic separation between the two components of
(0.2260.02) eV is determined with the hydrogen induced
surface component shifted to higher binding energy.
We note, however, that because of the identical line shape
observed in the spectra taken with different photon energies,
good quality fits can also be obtained by changing the as-
signment of the two components within the Si 2p line, i.e.,
inverting the intensity ratios. Considering the electronegativ-
ity of the elements Si, C, and H and assuming that initial-
state effects are dominant, the hydrogen related component
should be located at lower binding energy. However, we fa-20530vor the opposite assignment where the component at higher
binding energy corresponds to Si-H bonds for the following
reasons. First, the Gaussian width of the component at higher
binding-energy is larger than for the lower binding energy
component. With SiC(0001¯ ) the C-H component was also
observed to be broader than the bulk line. Second, when
considering the energetic separation between the bulk C 1s
and Si 2p core-levels @DE5E(C 1s)2E(Si2p)# , it is more
likely that the assignment as shown in Fig. 5~b! is correct. In
general we find values for DE5(182.1760.05) eV for hy-
drogenated 6H-SiC(0001¯ ) independent of measuring device.
For hydrogenated SiC~0001! surfaces we obtain values close
to (182.1960.05) eV, when assigned as in Fig. 5~b!. For the
opposite assignment, the binding-energy difference is DE
5(182.0360.05) eV which appears somewhat too small.
Nevertheless, we have to point out that our favored assign-
ment cannot be confirmed with absolute confidence on the
basis of our available dataset. In order to clarify this point
measurements of better resolved core-level spectra are nec-
essary, which could probably be achieved by cooling the
sample to lower temperatures.
Corresponding C 1s core-level spectra of 6H-SiC(0001)
after hydrogenation are displayed in Fig. 6. Deconvolution of
the spectra using only two components yields dissatisfactory
results, hence we included a third component. The fit param-
eters are collected in Table IV. The strongest component
(BC) is due to emission from the bulk. A surface component
labeled SC2 in Fig. 6 is located at about (2.260.1) eV with
respect to the bulk line. This component is attributed to
weakly bound hydrocarbons. The component labeled SC1,
which has to be included in order to fit the spectra properly,
shows a chemical shift of (0.4760.03) eV in good agree-
ment with the hydrogen induced surface component on
SiC(0001¯ ). Therefore, we propose that this component is
due to carbon atoms at steps. Any SiC surface, independent
of surface type ~substrate, polished on- or off-axis or epitaxi-
ally overgrown!, contains steps where necessarily surface
carbon atoms are located. Additionally, any other surface im-
perfection contributes to the total number of surface carbon
atoms. For our p-type epilayer, for example, we derive from
atomic force microscopy ~AFM! measurements a relative
surface area of about 5% covered by steps. Of course, the
question is why such a component was not observed in the Si
2p spectra of the carbon face, but in view of the small hy-4-6
SYNCHROTRON X-RAY PHOTOELECTRON . . . PHYSICAL REVIEW B 67, 205304 ~2003!drogen induced chemical shift of the Si 2p core-level it is
reasonable that such a small component remains undetected.
D. Calculation of electron inelastic mean free path
As we have seen in Sec. III B the intensity ratio of surface
C-H to bulk contribution in the C 1s core-level was deter-
mined as I(Si3C-H)/I(SiC)51.4 (610%) for surface sensi-
tive and 0.7 (610%) for less surface sensitive measure-
ments on the basis of the applied curve-fitting procedure.
When a simple layer attenuation model is applied using the
characteristic lengths of Si-C and C-H bonds we obtain the
required ratios of 1.4 (\v5350 eV) and 0.7 \v5510 eV)
for effective sampling depths of le f f53.0 and 4.6 Å, respec-
tively. With an electron escape angle of u520° this gives
inelastic mean-free-path values of l53.2 and 4.9 Å at ki-
netic energies of 60 and 220 eV, respectively. These numbers
appear reasonable when compared with literature values of
silicon, diamond, and silicon carbide ~see Fig. 7!. For silicon,
minimum escape depths between 3.0 and 4.0 Å are reported
for kinetic energies between 30 and 50 eV.53,54 For diamond,
somewhat lower escape depths are reported: 2.0–2.5 Å for
~111! surfaces and 3.5 Å for ~100! surfaces for electron ki-
netic energies between 35 and 40 eV.55–57 For silicon carbide
FIG. 6. C 1s spectra of hydrogen-terminated 6H-SiC(0001)
taken at photon energies of 350 eV and 510 eV and their deconvo-
lution.20530most publications refer to escape depths as they were ob-
tained from quantitative calculations of silicon, and to our
knowledge only Johansson et al.13 estimated electron mean-
free-path values for silicon carbide, albeit for higher kinetic
energies. There values of 5.1 and 9.0 Å are obtained for
kinetic energies of 450 and 650 eV, respectively. The listed
literature values as well as our own results of further mea-
surements in an extended photon energy range ~not shown
here! are summarized in Fig. 7. However, we have to keep in
mind that our calculation of the inelastic mean free path is
based on the assumption that diffraction effects are negli-
gible and that the applied model includes continuous damp-
ing of photoelectrons that are emitted from discrete layers of
the solid, which might cause problems when very thin layers
are considered.
E. Thermally induced hydrogen desorption and subsequent
surface reactions on 6H-SiC0001:H
Figure 8 shows Si 2p and C 1s core-level spectra of a
hydrogenated 6H-SiC(0001) surface taken after preparation
and after subsequent heating to temperatures of up to
820 °C. Before heating, the core-levels show the behavior
discussed in Sec. III C. Note that the hydrocarbon contami-
nation is increased with respect to the spectrum shown in
Fig. 6 due to a longer storage time in the vacuum transport
vessel. Annealing the sample to 640 °C has essentially no
FIG. 7. Electron mean free path as a function of electron energy
for the three materials, silicon ~open squares, Refs. 53 and 54!,
silicon carbide ~open hexagons from Ref. 13, filled hexagons from
this work!, and diamond ~open diamonds, Refs. 55–57!. The lines
are guides to the eye.TABLE IV. Fit parameters obtained for the C 1s core-level spectra of hydrogenated 6H-SiC(0001). The binding energy is given with
respect to the bulk component.
C 1s \v5350 eV, le f f53.0 Å \v5510 eV, le f f54.6 Å
Label in Fig. 6 BC SC1 SC2 BC SC1 SC2
Eb ~eV! 0 0.4660.02 2.1260.10 0 0.4860.02 2.2760.13
I(SC1,2)/I(BC) 0.0760.01 0.0660.01 0.0660.01 0.0460.01
vG ~eV! 0.5460.02 0.6560.03 1.1660.08 0.5760.02 0.6360.03 1.2460.11
vL ~eV! 0.1960.03 0.1960.03 0.1960.03 0.1960.03 0.1960.03 0.1960.03
Assignment SiC bulk Si3C-H CxHy SiC bulk Si3C-H CxHy4-7
N. SIEBER et al. PHYSICAL REVIEW B 67, 205304 ~2003!effect on the Si 2p spectrum. In the C 1s spectrum the com-
ponent due to the hydrocarbon contamination becomes
weaker and shifts 0.6 eV towards the SiC bulk component.
This indicates a partial desorption of the contaminants ac-
companied by a decomposition of the remaining hydrocar-
bons. The surface symmetry remains (131). Annealing to
temperatures above 750 °C ~not shown! gradually leads to
the formation of a (A33A3)R30° reconstruction, which is
fully developed at 820 °C.
FIG. 8. Si 2p ~a! and C 1s ~b! core-level spectra of hydroge-
nated 6H-SiC(0001) after annealing in UHV.20530The Si 2p and C 1s spectra taken after annealing to
820 °C are also shown in Fig. 8 together with the results of a
deconvolution of the spectra. The best fit parameters are col-
lected in Tables V and VI for the Si 2p and C 1s core-levels,
respectively, measured with different surface sensitivities. In
the Si 2p spectrum two new chemically shifted components
labeled SSi1 and SSi2 can be observed. The intensity varia-
tion of these two components upon changing the probe depth
~see Table V! reveals their surface nature. These components
are characteristic of the Si-rich (A33A3)R30°
reconstruction.13 Their chemical shifts of 20.3360.04 and
21.1060.06 eV with respect to the SiC bulk component
~see Table V! are in excellent agreement with the observa-
tions of Johansson et al.13 According to the structural model
which was determined by LEED,22 the signal SSi1 at
20.33 eV is due to the Si atoms of the topmost SiC bilayer
for which the more electronegative binding partner carbon is
replaced by Si adatoms. These adatoms which give rise to
the second chemically shifted component (SSi2) reside in T4
position and each of them is bound to three Si atoms of the
topmost SiC bilayer thus forming the (A33A3)R30° super-
structure. In addition, we note that the fit is not perfect at the
higher binding-energy side, where a weak tailing can be ob-
served. This is most likely due to the onset of oxidation of
this strongly reactive surface.59
The C 1s core-level of the Si-rich (A33A3)R30° recon-
struction is also made up of at least three components, which
is in agreement with the observations of Johansson et al.13
Two components are found to be due to emission from the
surface ~see Table VI! and they are labeled SC1 and sC2.
Their binding energies are (20.4360.07) eV and (1.20
60.10) eV relative to the bulk component, respectively. The
component SC1 is ascribed to carbon atoms of the first bi-
layer that are affected by the surface modifications. This
seems reasonable, since due to the silicon-rich surface the
effective electronegativity of all interface silicon atoms ap-
pears reduced, which causes a small chemical shift of the
component which corresponds to the next neighboring car-
bon atoms to lower binding energy. Some confusion was
caused in the past because of the existence of the second
surface carbon component SC2, which could not be ex-
plained within the structural model of the (A33A3)R30°
reconstruction. Johansson et al.13 discussed several possible
bonding configurations but none of these could describe the
real bonding arrangement as finally determined by an LEED
study.22 Tautz et al.23 concluded that the component SC2TABLE V. Fit parameters obtained for the Si 2p core-level spectra of hydrogenated 6H-SiC(0001) after annealing to 820 °C and
conversion to the Si-rich (A33A3) reconstruction. The binding energy is given with respect to the bulk component.
Si 2p \v5170 eV, le f f53.0 Å \v5350 eV, le f f54.6 Å
Label in Fig. 8~a! BSi SSi1 SSi2 BSi SSi1 SSi2
Eb ~eV! 0 21.1160.05 20.3360.04 0 21.0860.05 20.3160.03
I(SSi1,2)/I(BSi) 0.0660.01 0.2060.02 0.0460.01 0.1560.02
vG ~eV! 0.6760.03 0.6260.03 0.5160.02 0.6260.03 0.6460.03 0.5860.02
vL ~eV! 0.1460.03 0.1460.03 0.1460.03 0.1460.03 0.1460.03 0.1460.03
Assignment SiC bulk SiT42adatom Cinterface SiC bulk SiT42adatom Cinterface4-8
SYNCHROTRON X-RAY PHOTOELECTRON . . . PHYSICAL REVIEW B 67, 205304 ~2003!TABLE VI. Fit parameters obtained for the C 1s core-level spectra of hydrogenated 6H-SiC(0001) after annealing to 820 °C and
conversion to the Si-rich (A33A3) reconstruction. The binding energy is given with respect to the bulk component.
C 1s \v5350 eV, le f f53.0 Å \v5510 eV, le f f54.6 Å
Label in Fig. 8~b! BC SC1 SC2 BC SC1 SC2
Eb ~eV! 0 20.4560.02 1.2560.05 0 20.4060.05 1.1560.05
I(SC1,2)/I(BC) 0.1460.02 0.4260.04 0.0660.01 0.1860.02
vG ~eV! 0.6660.03 0.6660.03 1.4760.10 0.6160.03 0.6960.03 1.4560.10
vL ~eV! 0.2060.03 0.2060.03 0.2060.03 0.2060.03 0.2060.03 0.2060.03
Assignment SiC bulk Cinterface Cexcess SiC bulk Cinterface Cexcessmust be of extrinsic nature due to contamination from the
residual gas of their vacuum chamber, since they observed a
time-dependent increase.
However, we propose that in principle one has to consider
how the (A33A3)R30° reconstructed surface is prepared.
The method of Johansson et al.13 and our method have in
common that the reconstruction is prepared by annealing an
unreconstructed surface at elevated temperatures. In both
cases no extra silicon is provided to form the reconstruction.
Tautz et al.23 evaporated silicon onto the surface until a
(333) Si-rich reconstruction was observed. The
(A33A3)R30° reconstruction then forms during annealing
at temperatures between 900 °C and 950 °C, i.e., during re-
moval of excess silicon from the surface via thermal desorp-
tion. The latter method is supposed to be more convenient,
since the extra silicon which is necessary to form the silicon-
rich reconstruction is provided by an evaporation source.
In our case the starting point is a surface covered with a
monolayer of hydrogen atoms. Annealing leads to hydrogen
desorption and the formation of the (A33A3)R30° recon-
struction although no surplus silicon for the formation of the
Si adatoms is provided. But where does the extra silicon
come from? The key answer is that the reconstructed surface
is inhomogeneous and only a part of it is covered by the
(A33A3)R30° reconstruction. The ordered areas, however,
are large enough to lead to a (A33A3)R30° diffraction pat-
tern, i.e., their dimension must exceed some few hundred
angstroms, which is the typical transfer width of a LEED
experiment. Any silicon enrichment in some part of the sur-
face must necessarily be accompanied by a silicon depletion
in other regions. As we have seen in our spectra both SSi1
and SC2 components are located at the surface and their
intensities increase simultaneously as soon as the
(A33A3)R30° structure starts to develop. Therefore, at
least a major part of the SC2 signal together with the SSi1
signal must originate in a dissociation of SiC at the surface.
The resulting Si atoms diffuse along the surface to occupy T4
sites in order to minimize the surface free energy leaving
behind carbon-rich surface regions that are covered by el-
emental carbon. Since the dissociation process produces
both, silicon-rich and carbon-rich areas on the surface at the
same time we like to call it a disproportionation, although no
formal change of the oxidation state of Si and C occurs. The
above described scenario is supported when the relative
binding energies of SC2 and SSi1 are considered. The chemi-
cal shift of SC2 amounts to 1.2560.05 eV and is typical of20530elemental carbon, since the replacement of one carbon atom
of a C4-C tetrahedron by one silicon atom yields about 0.35
eV smaller binding energy for the center carbon atom which
adds to about 1.4 eV.58 The chemical shift of SSi1 amounts to
21.1560.05 eV and fits well to the expected shift of
21.2 eV for elemental silicon with respect to SiC. The dan-
gling bond ~db! in the Si3Si-db environment can be inter-
preted as a fourth Si atom in a Si3Si-Si tetrahedron, since the
effective electronegativity of the center Si atom in a Si3Si-db
and in a Si3Si-Si environment is expected to be equal.
The same mechanism for the formation of the (A3
3A3)R30° structure holds in principle when a wet-
chemically prepared SiC~0001! surface is used as starting
point as was done by Johansson et al.13 The difference com-
pared to our measurements is the fact that the wet-chemically
treated surfaces of Johansson et al. contained a large amount
of hydrocarbon contamination so that the observation of the
simultaneous formation of elemental species was hindered.
However, it remains unclear if and to what extent the SC2
species contain sp3 and sp2 bonding arrangements, i.e.,
whether it is partially graphitic or not. Finally, we note that
the formation of SC2 is completely suppressed when the Si
evaporation method is applied as was successfully shown by
Amy et al. for the Si-rich (333) reconstruction.3
It is interesting to note that in our experiments the
(A33A3)R30° periodicity started to develop at 750 °C
whereas the preparation methods mentioned above require
temperatures above 900 °C.3,13,23 We explain this with a
lower desorption temperature for hydrogen as compared to
the desorption temperature of oxygen and/or the temperature
at which Si sublimation occurs. Figure 9 shows the hydrogen
coverage as a function of annealing temperature as deter-
mined by FTIR-ATR. As can be seen from that figure, rapid
hydrogen desorption is observed starting at around 700 °C
and is completed at 750 °C, at which temperature the devel-
opment of the (A33A3)R30° reconstruction was observed.
Obviously, annealing of the hydrogenated surface to tem-
peratures between 700 °C and 750 °C provides the activation
energy for both hydrogen desorption and formation of the
(A33A3)R30° reconstruction by the mechanism alluded to
above, i.e., disproportionation of SiC.
F. Thermally induced hydrogen desorption and subsequent
surface reactions on 6H-SiC0001¯ :H
The effect of annealing in UHV on the core-level spectra
of hydrogen-terminated 6H-SiC(0001¯ ) can be seen in Fig.4-9
N. SIEBER et al. PHYSICAL REVIEW B 67, 205304 ~2003!10. The line shape of the Si 2p core-level remains unaffected
up to 820 °C. In the C 1s core-level spectrum the only varia-
tion that is observable is a slight reduction of hydrocarbon
contamination. Additionally, we observe that the relative
binding energy of this contamination component shifts closer
to the bulk line by 0.6 eV. As already proposed for
6H-SiC(0001) ~see Sec. III E! this can be explained by a
partial decomposition of remaining hydrocarbons at the sur-
face. The surface periodicity remained (131) as was
checked by LEED. Increasing the temperature to 950 °C
leads to the formation of a (333) reconstruction which is
accompanied by clear changes in the shape of the Si 2p and
C 1s core-level spectra. Both spectra can be deconvoluted
using three components. An example of such a deconvolu-
tion is also shown in Fig. 10. The best fit parameters for
surface and bulk sensitive Si 2p and C 1s core-level spectra
taken after annealing to 950 °C are compiled in Tables VII
and VIII, respectively.
As we have seen in the case of the SiC~0001! surface,
hydrogen desorption commences between 700 °C and
750 °C, the same temperature at which the (A33A3)R30°
reconstruction is formed. In contrast to that, first signs of
hydrogen desorption on 6H-SiC(0001¯ ) are already seen af-
ter annealing at 670 °C. In the valence-band spectra shown
in Fig. 11, a small but clear peak develops above the valence-
band maximum in the energy gap of 6H-SiC, which is la-
beled DC . The location of DC is typical for a dangling bond
FIG. 9. Hydrogen coverage ~in monolayers! as determined from
the signal strength of the Si-H stretch mode in FTIR-ATR as a
function of annealing temperature. The hydrogen coverage was de-
termined from the relative signal strength before and after annealing
the sample in UHV.205304state. A comparable dangling bond state was previously ob-
served on the silicate adlayer reconstruction on
6H-SiC(0001¯ ).27 The observation of DC indicates that hy-
drogen desorption on 6H-SiC(0001¯ ) is possible without im-
mediate reconstruction of surface. This is probably due to the
stronger localization of the carbon valence orbitals, which
causes unfavorable bond angles and lengths on reconstructed
FIG. 10. Si 2p ~a! and C 1s ~b! core-level spectra of hydroge-
nated 6H-SiC(0001¯ ) after annealing in UHV.TABLE VII. Fit parameters obtained for the Si 2p core-level spectra of hydrogenated 6H-SiC(0001¯ ) after annealing to 950 °C and
conversion to the Si-rich (333) reconstruction. The binding energy is given with respect to the bulk component.
Si 2p \v5170 eV, le f f53.0 Å \v5350 eV, le f f54.6 Å
Label in Fig. 10~a! BSi SSi1 SSi2 BSi SSi1 SSi2
Eb ~eV! 0 20.4560.04 0.6760.06 0 20.4760.05 0.5960.06
I(SSi1,2)/I(BSi) 0.2060.04 0.2160.04 0.0860.01 0.0860.01
vG ~eV! 0.7760.03 0.7160.03 1.2460.07 0.6960.04 0.6960.05 1.3760.09
vL ~eV! 0.1560.03 0.1560.03 0.1560.03 0.1560.03 0.1560.03 0.1560.03
Assignment SiC bulk Siexcess SiOz SiC bulk Siexcess SiOz-10
SYNCHROTRON X-RAY PHOTOELECTRON . . . PHYSICAL REVIEW B 67, 205304 ~2003!TABLE VIII. Fit parameters obtained for the C 1s core-level spectra of hydrogenated 6H-SiC(0001¯ ) after annealing to 950 °C and
conversion to the Si-rich (333) reconstruction. The binding energy is given with respect to the bulk component.
C 1s \v5350 eV, le f f53.0 Å \v5510 eV, le f f54.6 Å
Label in Fig. 10~b! BC SC1 SC2 BC SC1 SC2
Eb ~eV! 0 1.0260.06 1.8060.03 0 1.0760.06 1.8360.03
I(SC1,2)/I(BC) 0.1660.02 0.5660.04 0.1060.01 0.4160.03
vG ~eV! 0.7760.03 0.9160.05 0.7160.02 0.7860.03 0.8560.06 0.7360.03
vL ~eV! 0.2360.03 0.2360.03 0.2360.03 0.2360.03 0.2360.03 0.2360.03
Assignment SiC bulk Cadlayer Cinterface SiC bulk Cadlayer Cinterfacesurfaces.20 In addition, the annealing step leads to a change
in band bending which manifests itself in a shift of the whole
spectrum to lower binding energy by 1.0 eV. Of course the
question arises, why the core-level spectra after annealing at
820 °C are so similar to the ones of the as-prepared sample
~see Fig. 10!. The unaltered shape of the Si 2p core-level
after hydrogen desorption which is most likely complete af-
ter annealing at 820 °C fulfills the expectation in that C-H
bonds merely affect the topmost carbon layer but hardly the
electronic structure of the silicon atoms underneath. As a
consequence, hydrogen desorption will have no effect on the
Si 2p core-level shape. On the other hand, it is difficult to
estimate how the C-H component of the C 1s core level
evolves upon hydrogen desorption. In principle, the chemical
shift of unsaturated surface carbon atoms in an Si3C-db en-
vironment should not be much different from that in a
Si3C-C environment, since in the latter case the same va-
lence charge is transferred between both carbon atoms as in
the former, namely, zero. As a result, the binding energy of
the unsaturated surface carbon atoms is expected at 0.35 eV
higher binding relative to the bulk component.58 This would
explain why the C 1s spectra remain unchanged upon hydro-
gen desorption: the chemical shift of hydrogenated surface
carbon amounts to (0.4760.02) eV ~Sec. III B! and has to be
compared with the estimated shift of 0.35 eV. It is not pos-
FIG. 11. Valence-band spectra of hydrogenated 6H-SiC(0001¯ )
directly after preparation and after annealing in UHV to 670 °C.205304sible to resolve the expected binding energy change of about
0.1 eV in the presence of the large Gaussian widths of the
core-level spectra.
The C 1s core-levels of the (333) reconstructed
6H-SiC(0001¯ ) surface have been deconvoluted into three
components @see Fig. 10~b! and Table VIII#. Two surface
components SC1 and SC2 are necessary to fit the spectrum
adequately. This was also reported by Johansson et al.25
However, the component in their work which is equivalent to
our SC1 component was much broader (vG52.1 eV). This
may be due to the fact that they started from a wet-
chemically prepared surface which was covered by a consid-
erable amount of hydrocarbons.25 As discussed above, the
hydrocarbons decompose partially during annealing and may
obscure the C 1s spectral shape in the work of Johansson
et al.25 The photon energy dependence of the intensity ratio
of the two components ~see Table VIII! suggests that the C
atoms corresponding to SC1 are located above the C-atoms
corresponding to SC2, which in turn are located above the
carbon atoms of the bulk. This again is in contrast to the
work of Johansson et al.,25 who concluded that C atoms cor-
responding to SC2 are located above C atoms corresponding
to SC1. This disagreement may also be due to the larger
initial hydrocarbon contamination on their samples. There-
fore we propose that the (333) structure is made up of
carbon adatoms on top of carbon interface layer. In our study
the intensity ratio of SC1 to SC2 is around 0.3 which indi-
cates that one carbon atom corresponding to SC1 is located
above three to four carbon atoms corresponding to SC2.
However, proposing a more detailed structural model based
on the data at hand would be too speculative.
In the Si 2p core-level spectra taken after annealing to
950 °C @see Fig. 10~a! and Table VII#, we observe two
chemically shifted components SSi1 at lower and SSi2 at
higher binding energy relative to the bulk component. Com-
ponent SSi1 can be explained in a similar way as the com-
ponent SC2 in the C 1s spectra of the (A33A3)R30° recon-
struction of SiC~0001!, i.e., excess Si which is left behind
during the formation of the carbon-rich (333) structure
again following disproportionation of SiC. The second sur-
face component SSi2 is located at 0.63 eV higher binding
energy which suggests the onset of oxidation of the Si en-
riched regions and formation of Si1. It is well known from
Si-rich reconstructions of SiC surfaces that they are suscep-
tible to oxidation. For example, the Si-rich (A33A3)R30°-11
N. SIEBER et al. PHYSICAL REVIEW B 67, 205304 ~2003!reconstructed SiC~0001! surface was observed to be easily
oxidized even at liquid-nitrogen temperature.59 The observa-
tion of surface components in the Si 2p spectra of the (3
33) reconstructed 6H-SiC(0001¯ ) surface is also in contrast
to the work of Johansson et al.,25 who have not observed any
surface components in their Si 2p spectra. Again the reason
for this discrepancy is most likely the initial hydrocarbon
contamination on the wet-chemically prepared samples,
which may yield the carbon necessary for the (333) struc-
ture without disproportionation of SiC.
IV. CONCLUSION
In this paper we present results of photoelectron spectros-
copy on hydrogenated hexagonal SiC surfaces using syn-
chrotron radiation. On 6H-SiC(0001¯ ) a chemically shifted
surface component due to carbon atoms in a Si3C-H environ-
ment could be identified. As expected, the corresponding Si
2p core-level does not exhibit chemically shifted compo-
nents. The Si 2p core-level spectra of hydrogenated
6H-SiC(0001) suggest the presence of a chemically shifted
surface component due to C3Si-H, but a definite assignment
was not possible because of the intrinsically large Gaussian
width of the core-levels that are generally observed on SiC
surfaces.
In addition, the thermally induced hydrogen desorption
and subsequent formation of surface reconstructions was
studied. The advantage of the hydrogenated surfaces is that
they provide a starting point at which the Si:C ratio of the
surface is ideally 1:1. In this way the formation of the Si-rich
(A33A3)R30° reconstruction on SiC~0001! and the carbon-
rich (333) reconstruction on SiC(0001¯ ) was studied. On
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